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Participation in sporting activities carries an injury risk. Conversely, the increased awareness that physical inactivity is a major risk factor for 
disease has led government agencies and the medical community to encourage increased levels of physical activity. Many people will achieve 
this through participation in sport. Injury inevitably leads to a reduction in participation on a temporary or permanent basis, but the injury 
experience may also influence the lifelong physical activity behaviour. Few studies adequately examine the possible long-term consequences 
of sport participation after the competitive period has been completed, but by understanding the patterns of injuries in different sports one 
test can develop strategies to prevent and better manage the conditions that occur and promote lifelong physical activity. There is a need to 
develop models of understanding of injury risk at different life phases and levels of participation in a specific sport. The risk assessment of 
sport participation has to be relevant to a particular sport, the level of participation, skill, age and potential future health consequences. This 
article describes a sport-specific model which will improve guidance for coaches and healthcare professionals. It poses questions for sports 
physicians, healthcare providers, educators and for governing bodies of sports to address in a systematic fashion. Additionally the governing 
body, as an employer, will need to meet the requirements for risk assessment for professional sport and its ethical responsibility to the athlete. 
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EDITOR'S CHOICE
Participation in sporting activities carries an injury risk.1,2 Conversely, 
the increased awareness that physical inactivity is a major risk 
factor for disease has led the government agencies and the medical 
community to encourage increased levels of physical activity.3,4 
Many people will achieve this through participation in a sport. The 
consequence of increased participation in a sport is an increase in 
the musculoskeletal injury.5 The injury inevitably leads to a reduction 
in the participation on a temporary or on a permanent basis, but 
the injury experience may also influence lifelong physical activity 
behaviour.6-8 By understanding the patterns of injuries in different 
sports, we can develop strategies to prevent and better manage the 
conditions that occur and promote lifelong physical activity. 
For funded athletes in elite sport in the UK, and for professional 
sportsmen, the sport is their occupation, their means of financial 
support. Their sporting career may also determine their financial 
future. This creates wider implications for injury prevention with regard 
to the roles and responsibilities of sports’ governing bodies. There is 
an obligation for any employer to assess the health and safety in the 
workplace. An employee who has been exposed to a health risk during 
their period of employment has a justifiable right to know what sort of 
risk they are exposing themselves to and what are the potential long-
term consequences (LTCs) to their health of that employment. From the 
perspective of the Health and Safety Executive, it is about reducing the 
risk to ‘As Low As Reasonably Practicable’.9 The concept of ‘reasonably 
practicable’ lies at the heart of the British health and safety system and 
requires that an assessment must be made by the employer ‘in which 
the quantum of risk is placed on one scale and the sacrifice involved in 
the measures necessary for averting the risk (whether in money, time 
or trouble) is placed in the other’. Can sport employers automatically 
assume the concept of ‘Volenti non fit injuria’ (Latin: ‘to a willing person, 
no injury is done’) because athletes willingly participate though they 
were unaware of the potential consequences of participation? The 
concept is based on the person accepting and being aware of the risks 
inherent in that event, so that they cannot later have an injury or seek 
compensation for it. How can we reasonably expect any individual to 
make a considered judgement if the assessment of risk to health has not 
been made by the governing body? The evidence for the increased risk 
of knee and hip osteoarthritis in former professional soccer players is 
convincing, but are the players informed of this known risk?10-14 Should 
athletes have to accept long-term health consequences as ‘part of the 
game’ if there were preventive measures that could have been taken or 
if they were not informed of the risk? 
Sports injury surveillance aims to reduce the risk of injury through 
identifying the size and severity of injury problems, by understanding 
the causes and mechanisms, and then by introducing preventive 
measures to attempt to reduce those risks. The model of van Mechelen 
is widely accepted as a good model of injury prevention.15 It works very 
well in assessing a particular situation in a sport, but we must be mindful 
that we also need to consider age, skill, experience and the competitive 
level of the participants, and not apply the results of such a survey 
equally to all situations for that sport. Injury surveillance is a complex 
issue given the nature of injury causation related to multiple factors, 
including, for example, the too early return to play from a preceding 
injury, described as the ‘recursive nature of risk and causation’.16,17 The 
Fédération Internationale de Football Association (FIFA) and Union 
of European Football Associations (UEFA) are making efforts through 
collaborative research and the FIFA Medical and Research Centres 
(F-MARC) to identify the frequency and characteristics of injury 
with a view to developing injury prevention strategies.18-20 The Rugby 
Football Union has also instituted injury surveillance in professional 
rugby,21-25 but this is solely at an elite level and as yet there is no long-
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term follow-up. Few studies adequately examine the possible LTCs of 
sport participation after the competitive period has been completed.26
To more usefully develop injury prevention that is sport-specific, 
the governing bodies and researchers need to consider a lifetime injury 
prevention model that takes into account a number of different factors 
because the strategies employed for prevention may be different at 
different stages of an athlete’s career. Consequently, in the lifetime 
of a competitive athlete, we need to consider a number of different 
factors when performing injury surveillance if we are to address the 
risks across the full range of a sport’s participants. 
Age
Growth-related injuries
Injuries that occur in the immature skeleton produce different 
pathologies than in the adult skeleton. Bone growth precedes muscle, 
tendon and neural lengthening and consequently young sportspersons 
become neuromuscularly tight during peak growth spurts. This can 
result in different responses to acute and overuse injuries. However, 
this often tends to coincide with high levels of sport participation 
when there may also be an intense competition for the selection for 
sporting excellence; for example, academy selection. Injuries occurring 
at this time may limit the progression into a full-competitive career. 
Understanding the risk factors implicated in injuries in this age group 
would particularly be relevant to the sport academy setting. It is not 
just about the significant investment in these young players, injury 
prevention is also important to enable continued physical activity for 
life.27 Identifying the most common injuries that stop young players 
achieving their potential, and trying to prevent them, is a responsible 
healthcare and cost-effective for club and the healthcare system. 
Adult-onset injury
Many people develop their sporting interest later in life. Maybe 
they were not the talented ones at school age, or were not given the 
opportunity or environment to develop within a structured system. 
Once they become independent adults, they may choose a sporting 
activity with little experience in training practices, equipment 
choices or coaching. The mature sportsman has different patterns of 
injury. For example, the rupture of the Achilles tendon occurs most 
frequently from 30 to 39 years, which is not the time of maximum 
sport participation, but we do not understand why this occurs at this 
time.28
In the older adult, progressing sarcopaenia and disuse atrophy may 
not just reflect the natural ageing process but be a consequence of a 
reduction in the physical activity. This may influence injury risk in 
the older adult.29,30 When people reach the age of retirement, they 
may have the time and the finance to take up activities they did not 
do in their working life. Little is known about this age group, but we 
need to preserve the ability to maintain an active lifestyle to minimise 
the health risks of sedentary behaviours. Do the injuries that occur 
in a particular sport in this older age group differ between those who 
have been active across their lifetime and those who have not? Does 
this mean that we need different prevention and treatment strategies 
across this group? Understanding that different injuries may occur in 
different age groups is important for athlete and coach education, and 
injury management. 
Skill acquisition injuries (SAIs)
Athletes are susceptible to certain injury patterns in their sport as 
a consequence of the biomechanical requirements of that sport. In 
order to become technically proficient, they need to acquire the skills 
of their sport through repeated practice. We all have to go through a 
period of learning and at this point are likely to be vulnerable to injury, 
irrespective of our age, while we develop the mechanical efficiency 
for injury resilience.31 Good coaching is integral to that process but 
not everyone is exposed to that benefit. Across our lifetime, we may 
start and stop many sports or activities, and at each point of learning 
the new skill we become vulnerable to different injury types. We 
need also to be aware that SAIs can occur in mature athletes and not 
just the young, as many people take up different sports in later life. 
Consequently, we need to be able to distinguish age-related factors 
from skill acquisition factors in good sports injury surveillance. It is 
also not uncommon in the present times for athletes to change sport 
even at an elite level (e.g. Rebecca Romero – Great Britain rowing 
to cycling, Sarah Storey – Paralympic swimming to cycling). While 
these athletes will have the knowledge of how to be an elite athlete, 
they still need to acquire the technical skill and experience for the new 
sport. During this period, they may be more vulnerable to injury even 
though performing at an elite level. 
The level of skill is also important. For example, the top-level tennis 
player does not regularly have a ‘tennis elbow’, unlike the beginner or 
technically poor exponent of the sport.32 However, each elite athlete 
has gone through a learning phase of acquiring the skills of their sport. 
Faulty technique, poor conditioning, recovery or training practices 
may lead to certain injury patterns which may stop the athlete 
progressing in the sport. Consequently, the skill level is an important 
risk factor and may determine the type of injury incurred when 
playing the same sport. In cricket, the high incidence of spondylitis 
in young cricket bowlers prompted the studies of the technical action. 
The ‘front-on’ versus ‘side-on’ versus ‘mixed’ bowling actions were 
considered, but many factors were identified making it difficult to 
ascertain which were the most significant.33-36
Performance-related injuries
In an elite sport, much of our attention is focused on returning the 
athlete to the field of play as soon as possible and published research 
in an elite sport is less common.19 This may be for the reasons of 
data protection or because of the relatively small sample sizes, but 
understanding why our top athletes become injured, and finding 
ways to prevent this, is important. The cost of an expensive athlete 
sidelined for many months is something no professional employer 
wishes to bear and so prevention and better management of injury are 
essential.37 However, in this instance, it can be ‘return to play’ that is 
the key driver and not necessarily the long-term health of the athlete. 
Additionally, the evidence is less clear on the risk of re-injury on 
return to play and also how the imaging results relate to the functional 
capacity. Clearly, one of our roles in an elite sport is to keep the best 
athletes available for selection as often as possible, while also being 
mindful of the LTCs. However, this may be difficult in the face of 
managerial and financial pressures. 
Career-ending injuries
The end of a sportsperson’s career through injury is regrettable at 
whatever stage they might be: whether this is a talented youngster or 
a veteran athlete. It should be one of our duties in sports medicine to 
help identify the most common of these injuries and help prevent them 
through better coaching, conditioning or injury management, or to 
help advise those who regulate the sport on how to make it safer. These 
injuries may be acute catastrophic injuries or accumulated trauma. 
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In the example of anterior cruciate ligament rupture, it is usually the 
consequent articular cartilage injuries that lead to the premature end 
of an athlete’s career, rather than the instability of the knee.38 For the 
athlete, there is a massive sense of loss; a lack of a career fulfilled or 
hopes dashed. There may be financial compensation through insurance 
schemes, but this is not the case in all sports. In some countries, data 
from insurance schemes can help identify the most common causes 
of medical retirement from a sport.39 Can we prevent other athletes 
from developing the same problems? Unfortunately, the lack of data 
appears to be partly a result of a lack of investment in sports medicine 
research. If long-term follow-up on retired athletes by each sport 
became mandatory, then the funding would have to be made available. 
Long-term consequences
We enter into a sport fear-free and for the enjoyment that it brings 
us. We do not consider the potential hazards and the possible life-
changing possibilities that may lie in wait. In 1980, at the age of 24, 
I incurred an incomplete tetraplegia from a rugby tackle that would 
affect and shape the rest of my life. The year I spent in rehabilitation in 
the spinal injuries unit it led me to meet 10 other people also injured 
that year with a similar injury. The prevalence of spinal injury at this 
time prompted an examination of the laws of the game and I joined 
the newly created Rugby Football Union Injuries Working Party that 
helped bring about recognition of the issue, a change in the laws and 
subsequently an Injured Players Fund to help support those injured in 
the sport.4,40 But catastrophic injury is not the only important factor. 
Long-term participation in physical activity is necessary for health 
maintenance.4 We cannot store up the health benefits of an active 
early life; it has to be lifelong. Injury acquired earlier in life through 
a sport may prevent regular physical activity later. Consequently, the 
prevention and better treatment of injuries that limit physical activity 
in the long-term are essential so that we can remain active in later 
life. The risk of participation in a sport needs to consider the potential 
impact on the future health also. 
Training volume
Generally, the higher the level of performance, the higher the level of 
participation, but many enthusiastic amateurs also have high levels of 
participation without high skill level. We are typically weak in sports 
medicine at documenting the risk of injury per hours of training 
and competition to understand the relative risk of participation in 
different sports.41 Sudden changes in the volume of training have been 
associated with certain overuse injuries which may be more important 
than the total volume of training in certain activities, and this may 
be sport-specific. We need to understand these relationships more 
clearly to attribute injury risk. In wheelchair racing, for example, 
there did not appear to be any difference in the frequency of injury 
between elite and non-elite athletes.42 The training variables of the 
distance pushed per week, the number of weight training sessions, or 
the length of time the athlete had been involved in wheelchair racing, 
were not associated with an increased risk of injury. High levels of 
participation in a sport may not be the risk factor but the history of 
how you reached that level may be. 
Co-existing impairment
Co-existing impairments may be a contributory factor in injury risk 
and paralympic athletes are a prime example of this. We need to 
ensure that such data are not misleading. In several studies of injury 
in paralympic athletes, the subjects have been classed as ‘wheelchair 
athletes’.43,44 This can be a confusing terminology for assessing the 
injury risk from a prevention perspective. First, many wheelchair 
sports are technically and biomechanically quite different despite 
using a wheelchair for the sport; for example, wheelchair racing versus 
wheelchair basketball versus wheelchair fencing. Second, within each 
sport, there may be different levels of impairment type; for example, 
spinal cord injury or a mixture of impairment types competing in 
the same sport. There may also be, for example, an amputee athlete 
who walks unaided with a prosthesis but removes it to participate in 
their sport in a wheelchair. Finally, there are those athletes who use a 
wheelchair for daily mobility but come out of the wheelchair for sport 
participation; for example, swimming or powerlifting. In these cases, 
the specificity of the impairment type and sport is essential to truly 
understand the risk factors and prevention strategies. 
Summary
By using an approach that considers all these factors, we can start 
to develop models of the understanding of injury risk at different 
life phases and the levels of participation in a specific sport. In this 
way, when we talk about the risk inherent in sport participation, it is 
relevant to the particular sport, the level of participation, skill, age and 
the potential future health consequences. 
It poses the following questions for sports physicians, healthcare 
providers and educators generally and for the governing bodies of 
sports to address in a systematic fashion. Each sport will generate its 
own model based upon the following: 
• What are the most common injuries that occur in the sport: 
• during growth and development 
• in athletes new to the sport (SAIs) 
• in experienced competitive athletes? 
• What are the most common career-ending injuries? 
• What are the long-term health consequences of participation in 
the sport? 
• Is the pattern of injuries the same in elite and recreational athletes 
for each of the above? 
The key aspect of this approach is that we try to determine the 
significant injury issues over the individuals’ lifetime participation in 
a sport that allows us to define the areas of further detailed research 
as outlined by Meeuwisse.16 Each sport model will include these 
variables but the timeline will be specific to the sport. For example, 
the time profile of gymnastics would be very different to distance 
running. In this way, each sport would develop an ongoing process 
of evaluation of these questions (Fig. 1) that would influence coach 
Fig. 1. Possible sport model showing frequency tables of injuries by type 
over the timeline of participation.
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education, training principles, equipment factors and management 
strategies based upon the targeted need. Improving safety in a sport 
can then be monitored on a systematic basis. 
Published epidemiological studies show that our knowledge is 
generally patchy and quite variable across different sports.41,45 As a 
member of a working party and the co-author of one effort to make 
sport safer in the UK, I was disappointed that despite the importance 
of the issue, most of the recommendations were not adopted.46 It 
can be a lack of political will or funding that stops these issues being 
taken seriously and carried forward. As a sports medicine community, 
as a medical community and as a community generally, we need to 
address these issues in a structured and proactive way for the greater 
good before we are forced into defensive actions by a litigious society. 
Sport is wonderful, sport is inspiring and sport is liberating but it 
can result in significant harm to health. Let us commit to making 
it safer through collaboration, organised research and working with 
governing bodies rather than by legal process. 
It is interesting to consider the text on a website with regard to 
mesothelioma: ‘being exposed to asbestos is not your fault. You may 
have been put in harm’s way because of a previous job, a careless 
employer, or a negligent manufacturing company.’47 So experiencing 
the consequences some years after professional sport participation 
may not limit the employer’s liability if inadequate precautions were 
taken. Did the employer assess the risks of sport participation? 
Did they provide appropriate information? Did they take adequate 
preventive measures? Interestingly, a Google search for ‘mesothelioma 
lawyer’ brought 436 000 results but more alarmingly a search for 
‘sports injury lawyer’ brought a massive 1 040 000 results. 
It is likely that we will see an increasing number of litigation cases 
seeking compensation for long-term health problems from sports injury. 
The full extent of the impact on health may not necessarily have been 
evident at the time of leaving the sport. Will professional athletes who 
develop long-term health consequences from sport participation, without 
prior warning of the risks, become the industrial disease claimants of the 
future? Will it be litigation that pushes forward sports injury surveillance 
or should we be proactive in adopting new models that produce greater 
clarity of the issues and guidance on how to resolve them? 
To prevent this, we must encourage sports governing bodies to 
take a lead in establishing a lifetime model of the injury occurrence, 
in professional and amateur levels, specific for their sport. Sports 
medicine researchers must work with them to look at causation, 
prevention, management and long-term health as an ongoing process 
with a continued drive to reduce the incidence and severity of injury. 
Once a sport-specific model is established, there can be improved 
guidance for coaches and healthcare professionals, but moreover the 
governing body, as an employer, will be meeting its requirements for 
professional sport and also meeting its ethical responsibility. 
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